Introduction {#Sec1}
============

Proximal humerus fractures represent 4--5% of all fractures and 45% of all humerus fractures \[[@CR1]--[@CR5]\]. The proximal humerus fracture is associated with osteoporosis and mostly affects the elderly. It is the third most common fracture after hip and distal radius fractures, in people above 65 years of age \[[@CR6]\]. However, proximal humerus fractures do also occur in young people, oftentimes as the result of a high-energy trauma or accident.

The extent of dislocation is an essential factor with regard to the choice of treatment. Non-displaced or minimally displaced fractures can be treated conservatively. Displaced fractures of the humerus are preferably treated by means of surgical intervention, specifically an open reduction and internal fixation \[[@CR2], [@CR7], [@CR8]\].

A variety of techniques have been described as possible treatment of the proximal humerus fracture. Due to the high complication rates as reported by both Thalhammer et al. and Szyszkowitz et al. \[[@CR9], [@CR10]\], it remains uncertain which of these is the optimal treatment of the proximal humerus fracture.

During the last decade, many new devices have been developed to aid in the treatment of the dislocated proximal humerus fracture. In particular, the locked screw-plate devices allow for improved fixation in osteoporotic bone \[[@CR11], [@CR12]\]. Because of the enhanced stability that these devises offer, early mobilization can be achieved. Application of these plates through a minimally invasive technique provides a further great advantage, namely the prevention of additional trauma to the soft tissue \[[@CR13]\]. However, there are few studies available that actually evaluate the results of this technique or report on the treatment-related complications.

The aim of this study was to determine the efficacy of fixation of both the LPHP^®^ and Philos^®^ plate (Synthes~,~ Oberdorf, Switzerland), as well as the subsequent complication rates and the functional recovery of the shoulder in patients who underwent surgery for a displaced proximal humerus fracture at our hospital.

Patients and methods {#Sec2}
====================

We commenced our study by selecting one hundred and thirty-one patients who had been surgically treated for a displaced proximal humerus fracture between January 2002 and December 2008. All patients were classified according to the Neer classification \[[@CR14]\]. Patients with type 2, 3, or 4 proximal humerus fractures were included in our study. Patients with a previous ipsilateral fracture were excluded.

All patients underwent surgery, and either the Locked Proximal Humerus Plate (LPHP) or a Philos plate (Synthes^®^, Oberdorf, Switzerland) was used to fixate the fracture. For most patients, an anterior approach was preferable; however, in a few patients, the surgeon decided upon a lateral deltoid-splitting approach. Open reduction of the main fracture and the greater tuberosity was achieved in all cases. Subsequently, the plate was inserted and positioned approximately one centimeter below the upper edge of the greater tuberosity in order to avoid post-operative subacromial impingement (SAI). The reduction was temporarily fixed with K-wires and verified by means of an image intensifier. Once a satisfactory anatomic reduction was achieved, the K-wires were replaced by locking screws. In case of a tear or avulsion, the rotator cuff and the subscapularis muscle were repaired.

All patients were invited to visit our outpatient clinic for regular checkups post-operatively. Demographic data, surgical technique, peri- and post-operative complications were collected from our patients' medical records. After obtaining informed consent from all participating patients, we commenced our telephone interviews with patients at their convenience. The primary end point was the Oxford Shoulder Score (OSS). The level of pain was scored using the validated VAS-score. The OSS ranges from 10 to 60 points, with the higher scores representing a worse functional outcome \[[@CR15]\]. Secondary end points were early post-operative complications such as infection or hemorrhage. Complications that occurred after some time were, among others, broken (distal and proximal) plate or screw failures, vascular necrosis of the head, plate displacement, screw protrusion, rotator cuff rupture, screw migration, and SAI.

Results {#Sec3}
=======

The mean age of our ninety-two patients was 66.2 (15--97), with a male: female ratio of 1:5 (15:77). Out of these 131 patients, 14 patients passed away during the follow-up period. Twenty-five patients were lost to follow-up or were otherwise unavailable to participate in the interview. All of the remaining 92 patients were included and interviewed by telephone. This resulted in a follow-up rate of 70%.

Prior to initial surgery, the majority of patients were classified as Neer III (*n* = 74, to follow-up = 55), while 29 (to follow-up = 19) patients were classified as Neer II and 28 patients (to follow-up = 18) belong to the Neer IV category (Table [1](#Tab1){ref-type="table"}). During the six-year time span of this study, two types of locking plates were implanted (Table [2](#Tab2){ref-type="table"}). Fifty-five patients underwent surgery receiving a LPHP device; more specifically, 46 patients received a 5-hole LPHP plate, and in 9 patients, an 8-hole LPHP plate was implanted. The remaining 37 patients were treated with a Philos plate (a 3-hole plate) (Figs. [1](#Fig1){ref-type="fig"}, [2](#Fig2){ref-type="fig"}, and [3](#Fig3){ref-type="fig"}).Table 1Characteristics according to Neer classificationPatients to follow-upFunction (Mean OSS)ComplicationsRe-operationsNeer II1918.79 (9.8%)7 (7.6%)Neer III5520.117 (18.5%)14 (15.2%)Neer IV1819.99 (9.8%)6 (6.5%)Table 2Characteristics according to type of device usedPatients to follow-upFunction (Mean OSS)ComplicationsRe-operationsLPHP5517.422 (23.9%)17/55 (30.9%)Philos3723.914 (15.2%)10/37 (27%)Fig. 1Before and after surgery with a 3-hole Philos plateFig. 2Before and after surgery with a 3-hole Philos plateFig. 3Before and after surgery with a 5-hole LPHP

After a mean follow-up of 2.4 years (range: 0.2--5.8), the mean pain score according to the VAS-score was 2.9 (range: 0--10). The median oxford shoulder score was 19 (range: 11--54). Various complications were registered (Table [3](#Tab3){ref-type="table"}). Three patients suffered hemorrhaging for which they were treated conservatively. One patient suffered a dislocation of the caput humeri and/or tuberculum majus, necessitating revision surgery. Three other patients experienced persistent pain necessitating renewed surgical intervention. In these 3 patients, the plate was removed one year after the initial operation. Avascular necrosis (AVN) did not occur in this study. Loss of reduction and screw cutout occurred in six patients. Plate breakage occurred in six patients (one proximal and 5 distal) (Fig. [4](#Fig4){ref-type="fig"}). Five of these patients had received a LPHP plate, and a broken Philos plate was reported in only one patient. Eleven patients subsequently suffered from a subacromial impingement. Eight of these patients had had a Philos plate implanted, whereas only three patients had received the LPHP plate. This difference is of statistic significance (*P* = 0.019). Frozen shoulder occurred in three patients. Only one patient had a clinically diagnosed rotator cuff rupture. This results in a total complication rate of 39.1% (36/92). Out of these 36 patients, 22 patients belonged to the LPHP group. Due to these complications, 29.3% (27/92) of all patients underwent a second operation.Table 3Postoperative complications after treatment with LPHP/Philos plateComplications*N* (%)LPHP*N*=Philos*N*=Re-operation*N*=Statistical significance, *P*Subacromial impingement11 (11.9%)3810 0.019Loss of reduction and cutout6 (6.5%)336 \>0.05Plate breakage6 (6.5%)514 \>0.05Persistent pain3 (3.3%)303 \>0.05Hemorrhage3 (3.3%)300 \>0.05Head/tuberculum majus slip off (Malalignment) & shoulder luxation2 (2.2%)111 \>0.05Frozen shoulder3 (3.3%)302 \>0.05Infections1 (1.1%)010\* \>0.05Rotator cuff rupture1 (1.1%)101 \>0.05Avascular humerus head necrosis0 (0%)--------Total36 (39.1%)221427 (29.3%)\* This patient suffered a plate breakage as well (re-operated for this reason)Fig. 4A case of a patient with a plate breakage as complication. **I**: proximal humerus fracture. **II**: 5-hole LPHP. **III**: loss of reduction with the 5-hole LPHP. **IV**: re-operation using a 8-hole LPHP. **V**: Breakage of the 8-hole LPHP. **VI**: re-operation using a Philos plate

Discussion {#Sec4}
==========

As mentioned earlier, the mean age of our study group was 67 (15--100). This explains the high incidence of osteoporosis in these elderly patients. These displaced proximal humerus fractures were mainly due to a low-energetic trauma such as a fall onto an outstretched arm. This type of fracture resulting from the poor quality of bone in the elderly makes surgical treatment a challenging task.

Traditional treatment of osteoporotic proximal humerus fractures with conventional plates and screws leads to high failure rates due to the bone resorption underneath the plate, high rotational forces, and insufficient purchase of the screws in the frequently osteoporotic humeral head \[[@CR12]\]. This has led to the development and implementation of the Locking Proximal Humeral Plate. The LPHP is based on the locking compression plate principle and functions as an internal fixation device. It is pre-contoured to fit the lateral proximal humerus and is attached in the head by means of locking screws and locking or compression screws in the shaft \[[@CR16], [@CR17]\].

To the best of our knowledge, this is one of the few studies focusing on the treatment of proximal humerus fractures by means of a locking plate, with a follow-up of patients over a two-year period (mean 29 months). The recently published systematic review by Thanasas et al. \[[@CR18]\] included a total of twelve studies. Only one of these studies achieved a mean follow-up of 31 months, the other 11 of these studies had a mean follow-up of approximately 12 months.

Avascular necrosis (AVN) is one of the most dramatic complications requiring re-operation. Fortunately, none of the patients in our study experienced this complication, which necessitates renewed surgery and replacement of the humeral head. This is an excellent result when compared with similar studies in published literature, e.g., Agudelo et al. reported an avascular necrosis rate of 4.5% \[[@CR12]\]. The systematic review by Thanasas et al. reported an even higher rate of AVN, namely 7.9% \[[@CR18]\]. We have no clear explanation for this significant difference, perhaps performing surgery within 24 h and the use of fewer screws in the humeral head has resulted in a preventative effect toward the occurrence of AVN.

Within our patient population, loss of reduction and screw cutout occurred in six (6.5%) patients (5 proximal, 1 distal). All six patients were re-operated due to this complication. This percentage is lower than the 31% found in published data \[[@CR18]\]. Three (3.3%) additional patients complained of chronic pain and were successfully re-operated; their locking plates were surgically removed.

Plate breakage occurred in six (5 LPHP, 1 Philos) patients (6.5%). Four patients required renewed surgery. Re-operation consisted of renewed fixation through cerclage or replacing the broken plate with a longer LCP (low contact plate) or Philos plate. Our percentage of plate breakage is higher than the percentages found in published literature. Thanasas et al. \[[@CR18]\] reported this complication to be rare with an incidence of 0.7%. A possible explanation for the rather high rate of plate breakage could be the high incidence of osteoporotic bone in our study group, resulting in a higher incidence of comminution. It is known that the plate breaks at the level of the fracture when severe comminution of the medial cortex exists \[[@CR16], [@CR18]\]. Also, poor reduction could lead to plate breakage due to fatigue failure \[[@CR18], [@CR19]\]. Another possible explanation for our high rate of hardware failure could be related to physiotherapy. By raising the operated arm without any external support, an extraordinary force could affect the plate leading to fatigue and breakage. We have therefore recently changed our physiotherapy protocol. Changing the manner of mobilizing the arm in order to circumvent this as a possible cause for breakage. Additionally, the LPHP may be weaker than the Philos plate resulting in a higher rate of plate breakage (Breakage: LPHP 5, Philos 1). This difference was not statistically significant (*P* = 0.228). Nowadays, only the Philos plate is used in our hospital.

Only one patient suffered an infection post-operatively. This patient who suffered a low-grade infection was treated conservatively; however, the same patient required renewed surgery in a later stadium due to plate breakage. This amounts to an overall infection rate of 1.1%, a rate that is consistent with the infection rates reported in literature. Brunner et al. \[[@CR20]\] reported an infection rate of 2%. Agudelo et al. \[[@CR12]\] published a rate of 4.5%.

The soft tissue complications were subacromial impingement (SAI), rotator cuff rupture, and frozen shoulder. In our patient population, 11.9% (11/92) were diagnosed with SAI. Ten of these eleven patients (8 Philos, 3 LPHP) were re-operated due to this complication. Siwach et al. \[[@CR21]\] reported a similar rate of 8% in their study. The systematic review of twelve studies by Thanasas et al. \[[@CR18]\] reported an impingement rate of 5.5%. Only one patient experienced rotator cuff rupture and tendinosis necessitating a second operation. This rupture was not obvious or may be not identified preoperatively. One year after surgery, a minimal rupture of the biceps muscle was diagnosed with an ultrasound. Two out of the three patients with a frozen shoulder were treated surgically, removing the implanted hardware/locking plates. This represents a percentage of 2%, also consistent with the percentages reported in literature. \[[@CR12]\].

The functional outcome following surgical intervention and insertion of a locking plate was determined using the Oxford shoulder score (OSS). The OSS ranges from 10 to 60 points, with the higher scores representing the worst functional outcome. After 2.4 years, the median OSS was 19.76 (11--54). This is a relatively low score on a maximum scale of 60. A search through the majority of published articles reveals that most studies made use of the Constant score \[[@CR22]\] in order to assess shoulder function. This scoring tool consists of four parameters that are used to assess the function of the shoulder: including pain, daily activity (sleep, work, recreation/sport), range of motion, and strength. The minimum score is 0 and the maximum score is 100. A low score means a worse functional outcome, while a higher score is correlated with better shoulder function. Our motivation to use the OSS instead of the Constant score was the fact that we decided to collect our data by means of a telephone interview. Considering the relatively high mean age of our patient population, we felt that a telephone interview would be preferable to extending an invitation to our outpatient clinic, which would have necessitated travel. The systematic review by Thanasis et al. \[[@CR18]\] reported an overall Constant score of 74.3. Compared to the OSS score, this means a score of 15 points \[[@CR1]\]. The level of pain according to the VAS-score was 2.9 on a scale of 0--10. Fankhauser et al. \[[@CR16]\] reported a pain score of 13.9 on a scale of 15 (Pain score of the Constant score system). Hente et al. \[[@CR23]\] and Voigt et al. \[[@CR24]\] reported a pain score of 11 and 12, respectively.

In conclusion, we find after a mid-term follow-up that the locking plate provides satisfactory functional outcomes in patients who have sustained a displaced proximal humerus fracture. The complication and re-operation rate is relatively high, however, comparable to or slightly better than the rates reported in published literature. Although subacromial impingement seems to occur more frequently when a Philos plate is implemented, we recommend that carefully executed randomized clinical trials should be performed to determine whether the use of one type of plate is actually superior or preferable to the other in achieving fixation of a displaced proximal humerus fracture.
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